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100561 A qntem. method and apparatus for providing a two dimensional image that will be 
perceived by the human visual perception system as a three dimensional image is disclosed. The 
system and apparatus preferably employ a clear rear projection screen onto which a rotating image of 
the object to be displq^ is projected. The object moves at sufficient speed and has highlights, 
comprising specular highHg^ts. ambient lighting, shadows and reflections, consistent with its display 
location so that the human visual perception system perceives (he displayed image as a three 
dimensional one. The method comprises surveying the display site to identify imported 
and objects and to gadier a reflection map which am both used to create die final diq>layed image. 
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RELATED APPLICATIONS 

(00011 This aiq[>licatioii claims benefit from U.S. Provisioiud Patent Application 60/487»267, fQed 
July 9» 2003 and fhe oontenls of this piovisional application aro inooipoiated herein by leference. 

FIELD OF THE INVENTION 

[00021 Thepiesent invention jnelates to dispky systems. Moxespecifically» fhe present inventicm 
relates to display methods, systems and apparatus whtoh eqiloit iht human visual perceptual system to 
provide images on two dimensicmal image displays which are perceived by viewers as being three 
dimensional images. 

BACKGROUND OF THE INVENTION 

[0003] Many attempts have been made in tfie past to pxovide two dimensional displays which 
appear to be three dimensional. In Victorian times, stereophotographs were very popular. These 
images were produced with a binocular camera tibat made two iniages of the olgectbeingphotograp^^ 
eadi irnage^s perspective being spaced fiom die ottter. When viewed with a stereopticon which is a 
device diat shows each of the viewers' eyes the ^»piopriate one of die two images, a tiiree dimensional 
image is perceived by the viewer. 

[00041 In addition ti) stereophotographs, three dimensional motion pictures have been created 
wherem the members of the audience wear gjlasses, tidier with right and 1^ lenses of two different 
color filters or polariziiie lenses widi two difitoent polarizmg angles and two motion pictures with 
sligMy difGerenit perspectives are simultaneously projected throu^ coanplementaiy filters onto die 
screen. This results in one ^e of each audience member seeing one of the projected films and die 
second eye seeing another of the projected films, and the different perspectives of the fihns result in a 
percq[)tion by die audience memb^ of a three dimensional display. 

[0005] Both stereophotogn^ihs and three dimensional motion pictures suffer fiom disadvantages in 
that they require their viewers to use qiecial hardware, the stereopticon or filter glasses, to view the 
image. 

10006] Anodier method of making a viewer percdve a dnee dimensional image fit>m a two 
dimensional display is to employ the Pulfiich EfGsct, invented by Carl Pulfiich and published in Die 
Naturwissenschaftenfinik^Jmoib^ 1922issu6s» The Pulfidch Effect makes use of an 

iidierent effect of die human visual p^q)tion system* Specifically, a very daik filter is placed over one 
eye of die viewer iifdio thmobsenres adiq)layed object moving ba<^ 
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dimensional diiq>Iqf. Duo to latency in how the human brain processes bw light images relative to 
nonnally lit images, the viewer perceives the displayed object as moving into and out of the two 
dimensional display. While interesdog, the PulMqh Effect has Ihnitedp^ 
requires special observer hardware^ in diis case one daik filter. 

I0S07I Another technique for providing a three dimensional image fiom a tw6 dimensional diq>lay 
is the hologram. Lihobgraphy, an image is captured as an interference pattern at die film. Coherent 
light from a laser is reflected finom an object to be imaged and is combined at the film with light fiom a 
reference beam. Hblograma enable the viewer to view a true three-dimensional image which exhibits 
parallax. 

[OaoS] Unfoctunately, holograms also suffer from disadvanti^ in that tfiey are di£Bcult to create 
and display and are msuited for video, motion pictures or ttie like. Also, holograms have constrained 
angles over which they can be viewed. Ftaher, whfle diey do produce accurate dbree dinmisional 
images of otti^ts» die color and qppeaianoe of the resulting image is not lifelika. 
(00091 A method, system and iqyparatus whidi permits the relatively easy creation and display of 
video images which are perceived by viewers as dnree dfanenskinal displaga, widiout requiring the 
viewers to use any special hardware, isdesired. 

SUMMARY OF THE INVENTION 

lOOlO] It is an object of die present invention to provide a novel system, method anid apparatus of 
creating and displaying two dimensional displays tliat are perceived as three dimensional displays. 
[00111 According to a first aspect of the pres^ invention, there iaprovided a method of creating a 
final image which, when di^layed at a target location, is perceived by viewers as being three 
dimensional, comprising the steps of: (i) selecting a target location for the display at a display site; (ti) 
surveying the display site to identify and characterize lig^t sources and objects which would result in 
visual highlights on a object displayed at fiie target location; (iii) capturing a wide angle photoigFq)h of 
die display site about die target location; (iv) capturing video of die object to be di^layed under a 
retmation of the charBCterized light sources and objects surveyed at the target location, die object 
moving in the video along aplane extending through the eyes of ^qpected viewers; (v) eppfying the 
cqytnred wide angle photograph as arefiectfonmq> to die captured video of the rotatfa^ object to create 
a final image; and (vi) displaying the final image at die site onto a to«en positioned such that the final 
image appears at die target looatiozL 

[0012] Pre&iably, in step (iii) a panoramic photograph is captured. Also preferably, if die object is 
real, in step (iv) a mocking stage is constnictedtorecreate the Ught sources and objects charactesrized in 
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8tq) (ii), ^ object is placed <m said mocking stage in 

the object is cqytured in step and diebackgnmnd removed by a chxomakey process in step (iv). 
[0013] If the object is virtoal, prefiBiably in stop (iv) tlie characterized lights and objects bom step 
(ii) are employed in computer animation system to lig^t a model of the object to be displayed, stq> (iv) 
comprises rendering a video image of (he object in said computer animation system and step (y) 
comprises applying the reflection map during the rendering process. 

[0014] According to anodier aspect of the present invention* there is provided a system for 
displaying on a two dimensional display at a target location a final image of at least one object, the final 
image being perceived by viewers as a three dimensional image, conqirising: a screen onto which die 
final image is displayed; a projectiNr to display die final image onto Ihe screen; and a video sowoe 
providing a final image to the projector^ die final nnago haviiig visual h ighlights corresponding to the 
sunounding environment at the taiget location and showing flie object amoving such that a pomt on the 
object alcmg a plane of the expected viewers ^es occurs at a rate of about at least three percent of die 
size of die object, measured through that plane, per second relative to die badcground 
(00151 According to yet anoflier aspect of die present invention, diere is provided a mediod of 
having die human visual perception system perodve sn observed image of an object on a two 
dimensional display at a taiget location as a dn«e dimensional image, comprising die steps of: (i) 
moving die object m die image such diat apoint on the object along aplane of the expected viewers 
eyes occurs at a rate of about at least three pocent of the size of the object, measured dirough that 
plane, per second relative to die back^und; (ii) applying visual highlights to the object in the image, 
the visual highlights including specular highlight snd shadows appropriate for the obj ect at die target 
location; and (iii) obtaining a wide aqgle image of die surroundings of the target location and qpPtS^S 
this wide angle image as a reflection m^ to die final image of the otgect 

[0016] The presmt invention provides significant advantages over two dimensional displays for 
purposes such as advertising and marketing, museum displays, educational system, etc. wherein Ihe 
extm attention that a diree dimensional display can attract wiU be most beneficial. Byproducingafinal 
image which has bem tailored to e?q>loit appropriate characteristics of the human visual percqptioii 
system, a simple yet effective display is obtained. 

BRIEF DESCRIPnON OF THE DRAWINGS 

10017] Preferred embodiments of the present invention wUl now be described, byway of example 
only, ^di reference to the attached Figures, wfaerdn: 
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Figure 1 shows a flowohait of the mAdiod of flbhni^ 
present invention; 

Figure 2 shows a schematic representation of a possible diqilay sit^ for a final diq>]ay produced 
in accordance with the method of Figure 1; 

Figure 3 shows a top view of a display system in accordance with another enibodiment of die 
present invention; and 

Figure 4 shows a side view of the embodiment ofFigure 3. 

DETAILED DESCRIPnON OF THE DIVENTION 

[0018) The present inventor has deterouned that, by e)q)loittng perceptual characteristics of the 
human visual peroeptioa system, a display of a properly constructed two dimensional animated image 
can be perceived by viewers asafhree dimensional dispU^, wttiioutrequiriBgdieviewets to use special 
viewing hardware. 

10019] Specifically, die present invention employs die fiwt the human visual perception system will 
attempt to perceive the display of an object rotating on an axis diat is ordiogonal to die plane of the 
viewer*s eyes, or translating parallel to the plane of die viewer's eyes as being diree dimensioni^* 
Provided diat sufficient movement, eidier rotation or translation, of the object occurs, die perception 
holds true, even if the axis of rotation is not oidiogonal to the plane of the viewer^s eyes or die 
translational movement is not parallel to the plane, aldiough bett^ results are achieved the closer the 
axis of rotation is to being ordiogonal and/or die translationfd movement is parallel. 
[0020] The present invention also employs die fiict diat if a displayed object is displaying visual 
hig^ghts (e.g. - specular highlights, shadows, reflections of sunoundings, etc.) diat are appropri ate for 
the object*s surroundings, thefaumanvisualperceptionsystemwillattenqsttoperceivediedtqilayra 
duree dimensional one. 

[002 1] While die first of these characteristics of the human visual perception system can create a 
convincing perception of a 3D imagp, die present inventor has defiennined diat, by appropriately 
combining these two principles, a more oonvinomg duee dimeosionai display can be produced fiom a 
two dimensional display. 

[0022] As wiU be apparent, to exploit these charactaristicSk diere are aonie 1^ the 
composition and positioning of die imag^ to be di^li^y^ Specifically, die above-mentioned 
charactmstics of die human visual perception system cannot be exploited to dispk^ still inures as the 
image must rotate about an axis or translate, as defined above, and objects to be diqplsiyed should 
advantageously have at least portions of their surface likely to create visual hig^blights as diey rotate. 
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10023) HoweveTi by creative constnictioii of die iomge, these limitatioiis can be efiectiyely dealt 
widL For examplci tbe diq>layed object can be moved vertically while being rotated, or can be 
translated while rotated* to maintain die viewer's visual interest in the display. Also, the object can, for 
brief periods of time, be moved vertically or horizontally widiout rotating provided that die viewpoint is 
simultaneously **zoomed'* in, or out, on die object Also, an object ^^dich does not have die desired 
sur&ce characterisdcs to display visual hitfilights can have other objects, such^aa logos, text, etc. widi 
the desired surface characteristics included in die image with the displ^ed olqect Also, if a 
background image is included in die display, the object can be stationary while the background moves, 
as described below. As should now be apparent to those of skill in the art; by creative design of the 
final image, success&l results can be obtained in a variety of manners, widiout unduly loniting the 
display. 

[00241 Figure 1 shows a flowdiait of die mediod of creating an image for a two dimensional 
display, which wiU be peredved as diqplf^ingdireediinensional object At step 100 die site at wfaioh 
the display is to be shown is examined and a location for die display isdetei^^ Figure2showsa 
schematic representation of a site 200 at which a ^spl^ maybe shown. Site 200 canbe an area widiin 
aboodi Ibr die fkior of a trade show, an area widiin a consumer stove, a location within a museum, etc. 
In Figure 2, a locatioUt hereinafter the '^taiget location** has been selected for a screen 204 on which die 
finished image 208 is to be diqilayed. Thetai^locationisdielocationandviewingdistBnceatwhidi 
the object will qppear on screen 204. For example, it may be that, as described bdow, the otj ect to be 
displayed q^iears to be located two feet behind screen 204. 

[002q In a presently prefened embodiment of the invention* screen 204 is a clear rear projection 
screen, such as a HoloPro''^ rear projection screen, sold by PtoNova USD» Mc, Hoboken NJ. A 
projector 212, which can be any suitable video projector, a motion picture projector, etc., is located 
behind and appropriately aimed at screen 204 such that an imi^e 208 projected by projector 212 will bp 
displayed on screen 204. Projector 212 can be connected to any suitable video source, such as a 
computer system, DVD or videotape player, film, etc. 

t002d] At step 104, a survey is p^otmed of die site where the display is to be located. In this 
survey, li^t sources which would create visual hig^^ts on a real obj ect located at the target location 
are identified and their location widi respect to the taiget location and then* ou^ut levels are recorded. 
In Figure 2, ceiling lights 216, 220 and 224 and floor lamp 220 would be identified and dieir positions 
relative to the target location are recorded, along widi their respective lighting levels at the taiget 
location. While it is prefened that a directional light mc^er be enqploy^ at fhe taiget location to 
determine the light received fiom each of fhe identified light sources, this level of accuracy is hot 
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be employed instead. Any identified coloiedlighisounes are also qoanli^ 
in addition to dieir intensity. 

(00271 In the survey, it is only necessary to identify and consider light sources which will contribote 
enou^ light to cieate visual hi^ilights at the taigel location, heceinafier^Ught sources of interest^. 
Thus, in Figure 2, ceiling lig^t 232 has been omitted from the survey, as has floor lanqp 236, as both of 
these light sources deliver too litde ligiht to die taiget location to create visual hi^ilights at the taiget 
location. 

(00281 Also in the sunrey, any objects which obscure part of a li^t source of interest are identified. 
In Figure 2, pillar 240 is identified and its general geometry, the fiict that it extends fiom floor to 
ceiliQgandhasawidlhofonefoot,isnoted. Asp]llar244 does notobscure any Ufl^tsourceofh^ 
it is omitted fiom die surv^. 

[00291 To Simplify fhe survqr process, it is also possible to merefy condder objects and/or lig^ 
sources within a volume of interest about the taiget location. In a present embodinaent of thye invention 
a qphere centered at die target location and with a ten foot radius has been suocessfii^ 
volume ofinteresttoidentiJ^ligbtsourcesand objects to be inchidedin^ Aswillbeqjparent 
to diose of skill in the ax^ different sized spheres of interest; or other vohnnetric shapos of interest; can 
be employed under difGsring condidons. For example, if the ceiling lights in Figure 2 are higih ou^nit 
gas discharge lanqps (suehasmm^uzyvqpor lamps) aspherewidia radius of laigerthan 10 feet may be 
eixq;)loyed. Similarly, if die ceiling lights of Figure 2 are low level lights, such as dimmed halogen 
lifjits, or indirect lighting sources, a sphere widi a radius of less than ten feet can be employed. 
Generally, the intent is to perform the survey wiOiin a volume of interest which enconq>as8es all lights 
and/or objects which can create visual highlights on a real object located at the target location. If a light 
meter is employed to measure light levels received at the target location fiom various sources, then an 
appropriate volume can effectively be selected as objects of int^:est will be readily identifiable. 
[00301 After the survey has been successfuUy completed, the process coiitiimesa^ 108 where 
reflection infonnation is c^tured at the target location. Specifically, a panoramic photograph is taken, 
centered at die target location, around a plane parallel to die floor of the locadoa This panoramic 
photograph can be d^tnred widi a special panoiamic camera or, as in a present embodiment of the 
invention, the panoramic photogr^h is constracted fiom a series of six overiapping photograjdis, taken 
fiom the target location at 60 degree headhigs and which are siibsequendy 'Stitched** together with a 
suitable software program, such as Adobe Photoshop™, MGi*s Hlioto Vista™ or any other digital 
inu^eprocesshig software which provides this capabiUty. WhiletheuseofapanoramicphotogiEaphis 
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pxeferced* it is possible to use a wide angle photograph covering less dian a three hundred and sixly 
degree panorama. As lediiced a photograph as one covering one hundied and dghty 
sttocessftilly employed by the present inventor, and even 8maIlerplH>tDgrBphs maybe eDq[>loyed, but for 
the best results a fiiU panoramic photogrq)h is presently prefisrred. 

[00311 Atstepll2,theproce8scontinueswithcapturingvideooftheobjecttobedisplayed There 
are presently two techniques for capturing video of an object to be displaced, the first technique for real 
objects and the second technique for virtual objects. 

[0032] If the object to be dicfplayed is real» Ihen&e survey information obtained in step 104 is used 
to construct a moddng stage. The mocking stage recreates tfie Ugihtixig conditions and effects of the 
objects of interest, such as pillar 240» which exist atthe target locatioa such that, when tiie object to be 
displayed is located at the target location on ^ moddng stt^e, it is sidgect to the visual hig^gShts, 
includmg q)ecular higUigihts, shadows, ambient light levefai and ooIoib and Ae other ligjiting 
chaiactenstics it would be subject to at tiietaxget location at the rita As will be apparent to fliose of 
skill in the art, the mocking stage need not be constructed on a 1 : 1 scale and can instead be scaled to a 
reasonable size, as needed, by scaling die jAysical relationshQs between the ligjits and objects of 
interest and die target location and by adjusting die Ugffa^ 
stage corresponding to the scale changes. 

[0033] The back of file mookmg stagefeprovidedwifliachrQniak^back drop to allow forremoval 
of the background fiom die captured video image. As is known to those of skill in the art, 
chromakeying allows for the removal of undesixed backgrounds fiom video images, by removing any 
portbn of an obtained image which has a specified color. Hius an object place in fiont of a blue, or 
green, etc. backdrop can be filmed and fixe background will be removed by the chromakey system. 
IO034] Once ihe mockmg stage is constructed, the object is placed at die target locatk)n and the 
camera is placed at the location where screen 204 would be with respect to target location at the site. 
As will be i^arent, the focal lengdi of the lens on flie camera is selected such fiiat the filmed object 
will be appear at the right size and at the desired distance bdiind screen 204 when projected. • 
[0035] As mentioned above, the present inventor has determined that one factor in having the 
human visual perception system consider a displayed object as a three dimensional image, is movement 
of the obj ect at a suffici^t rate. The movement can be rotatmg of Oe object about an axis extending at 
an angle of between SO and 90 degrees to a plane extending between the inl^^ In 
most cases, this plane will be horizsontal plane although it nu^ have different orientations if the viewers 
are not expected to be in an iqprig^t position, etc. 
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10036) A tunlable or other mechanism is employed to rotate die otrject at the desired orlentatioa 
andspeed. This turntable, or other mechanism, is also colored suchflial it is romw 
video hnage by fte chromakeying ^tem« The rotational velocity of the object, necessaiy to take 
advantage of tl^ characteristics of flie human visual perception system to make the object opptax as 
three dimensional, can be determined empirically, for example by cq>turing video of die object and 
displaying die result on screen 204. The present inventor has deteraiined that a rotational velocity 
which results in a movement of the outer edges of die final projected image of the object moving at 
least 5% of die size of die otvject, as measured paraUel to a plane through the viewer*s eyes, per second 
is an approximate minimum rotaticmal velociQf, aldiough odier rotational velocities willbe q^propriate 
in other dtcumstances. In other words, if an object measures duree inches amss on die above- 
mentioned planer the rotational velocity should be sdected such dmt a point on die object will move S% 
of tiie three inches, along the plane^ in one second In odier words, a point on diis obj ect on die plana of 
the viewer*s eyes should move about 0.15 inches along the plane in one second. 
[00371 While it is contemplated that values as low as 3% can woik in some cbcumstances, die 
present inventor has detennined that, for the best rmlts, a value of about 5% is desired. 
[0038] Ifdieolgectistranslating,nUiierdianrotatittg,dieS%vahiealsoq^ In other words, a 
three inch wide object translating fixim one side to die other should move &st enough dmt its edges 
cover 0.15 inches in a second. If the object is both rotating and translating, die translation and rotation 
mtes need to be selected such that a pomt on the edge of the object still moves die about 5% of the size 
of the object along the plane of a viewer's eyes. Thus if die object is rotating clockwise about an axis 
orthogonal to the plane, so that the front of the object is rotating right to left, and the object is also 
translating right, to left, the speed of the rotation is added to die speed of translation for an observed 
point on the object and each movement can be slowo: than would be required on its own. Conversely, 
if the object is rotating clockwise and translating left to right, the speed of the translation is subtracted 
from the speed of the rotation and thus the speed of rotation would likely have to be increased to ensure 
that the desired movement of about 5% is stiU obtained. 

[00391 Once the desired motion of die object is arranged, the object is c^^tured with the camera as 
it is rotated and/or translated for the required period of time. The captured image is then processed by 
die duomakey system to remove the background, turntable and any odier undesired con^ponents. 
[0040] The above-mentioned requirement fbrtnmslationnl and/oriDtational movement of the object 
is actuallynot an absolute, itisinsteadxelativetothebacl^pDOundinthevifiwer'svisualfi Tlins,ifa 
background is included in the image dtq;>layed, the object can be motionless if die background moves 
about 5% relative to the size of the otgect along a plane extending through the viewer's eyes« For 
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exaxnple* the above^moDtioned three inch object can be motionless if a background wall covered wifli 
spots is shown to be moving behind the object, with the features of die wall (e.g. - the spots) moving 
left to right or right to left at O.IS inches per second. The required c^pree of movement between an 
object and a displayed background is relative and dms if both the background and die object are 
moving, only their net difference in their speed of movement must equal about 5%. In our example of 
the three inch object, if the background moves left to right at 0*06 inches per second, then die object 
would need to translate fiom right to left at 0.09 inches per second to achieve the desired rate of 
movement 

[0041] The present invention can also be employed with vixtual objects conqnising objects modeled 
and rendered by a three dimensional c(»nputer rendering system* such as Avid*s SOFTIMAOE 3D, 
Alias* Maya, etc. If die object is a virtual object a sinsilar procedure to that described above to 
objects is fi>]lowed. Specifically, a ligliting configoradon that matches that determined in stq) 104 is 
defined for the rendering of the object model and any otjects of interest, such as pillar 240 are also 
modeled and positioned in the lighting configuration for die rendering. The camera (i.e. - die rendering 
viewpoint) is defined at the target location ui die rendering and an animation is dien defined for the 
object; the animation defining the rotation and/or translation of the object. The same conditions exist 
for the speed ofmovementofihe object as discussed above for real otjects. The animation of the 
object is dien rendered, undor die defined lighting conditions, to capture the necessary video. 
[0042] At step 1 1 6, a reflection map is applied to the captured video of die real or vutual obj ect, 
die reflection map bei^g constructed firom die panoramic photognqph obtained at step 108 and, when 
^lied, results in reflections of objects and the sunoundings at the target location of the site being 
visible on cqypropriate portions of die final di^layed image of the object In die case of a real object, 
the reflection map is created fcom the panoramic photogrs^h and applied to die ciqptured video of the 
object with commercially available software, such as Combustion Studio or 
Adobe Photoshop. In the case of virtual objects rendered by a computer 3D animation system, the 
reflection map can be included in the tendering process. If a background is to be included in the final 
image, it can also be composited into the image at this point. 

[0043] As mentioned above, the display of visual highlights (e.g. - specular highlights, reflections 
of surroundings, etc.) ondie object inthe final im^e that are appropriate for the otrject's surroundings, 
exploits the characteristics of the human visual perc^tion systmi such diat the viewer will attempt to 
perceive the display as a three dimensional one. The combination of the rotational movement of the 
object in the final image and the presence of the correct visual highlights lead the viewer's visual 
perception system to see the final image as being duee dimensional. 
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10044] Finally, at step 120, the resulting finished im^ge 208 is pmjeotad, 1^ projeotor 212 onto 

screen 204 at the site. The£malimagecanbeprovidedtoprojector212fix>maconqn^ 

or can be rendered to film and projector 212 will be a motion picture projector, etc. 

(0045] As mentioned above, it is presently prefened that screen 204 be a clear lear projection 

screoi and thus the displayed image 208 is dtq)layed fl^yped (minor imaged) fiom the orientation it was 

cq)tured in (this minor imaging can be adiieved by mechanical means 

- or via tfie image processing or animation software used to create tfie final image. However, it is also 
contemplated that fiont projection screens can be employed and, iA such a cdse^ no mirror fanaging of 
the final image will be required. 

10046] The embodiment discussed above contemplates a final image that has been prepared and 
created prior to showing the display. It is also contemplated diat the final image can be mated in real 
time, ornearreal time, inotherdrcumstances. While the embodiment above provides goodresults, the 
overall efifoct can be fiirdier impioved if tibe final image is mated in teal time to display visual 
highlightsof^cnnentenvironmcntoflliediqd^^ Fdrexanqdbi no viewing aodienceia included in 
file reflection mq>detenmned at stq> 108. A8usedlievefai»fiietenn*Yealtunje^isu8edgettericaI 
describe a situation wherein updates are provided within the bounds of the perception of die human 

visual perception syston. Itisnotpresentlybdievedtobenecessaiytoiq)datevisualhighli^^ 
reflections more than about once eveiy one or two seconds. 

[0047] Accordingly, in a real time embodiment of fiie present invention, the reflection map, 
including the viewing audieoce and other sunoundings, can be captured fiiom one or more mmeras 
mounted d3out screen 204 at intervak and a new, i;q>dated, reflection m This updated 

reflection map can then be applied to tiie captured video of the object, if it is a real olgect, or used to re- 
render the obj ect if it is a virtual object, and tUs updated image is then used as 
204. As will be apparent to those of skill in die art, significant computational resources may be 
required to peifoxm fiie processing of the final image to update the reflection map, but such resources 
are readily available and dieir costs are decreasing rapidly. 

[0048] In the embodiment of Figure 2, a single screen 204 and single projector 212 are provided 
which allows viewing of the final image ov^ die viewing angle supported by sqreen204. Figures 3 and 
4 show another embodiment of the present invention wliiadn screen 204 rotates and multiple projectors 
212 are employed to provide appropriate final images ovet tiiree hundred and sixty' degrees of viewing. 
[0049J Specifically, in this en4)odiment, screen 204 is mounted to the cmterof adish300 whichis 
xotatably mounted to motor 304 whichrotates dish 300, In apresolly prefisned embodim^ dish 300 
is rotated at an evm multiple of the fi»me mte of the final ixoBSS. the final image has a fi»me rate of 
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tfaiity fiames per, dish 3 00 is rotated at thirty revohitions per second, dius each projeetor 212 diaplaya 
its image on screen 204 at its fiiU frame rate. 

(0050] The outer edge 308 of dish 300 is iocUned upwardly with reqpect to die base of diih 300 and 
anaperture312ispfovidedthronghouteredge308bdiiiidBcreen204. PiojectoiB 212 are inclined such 
that, when aperture 3 1 2 is in front of diem, they can project an image through q>erture 312 and on to 
screen 204. When apeiture 312 is no longer in front of a projector 212, that prelector's output is 
blocked by edge 308. 

(0051] In the illustrated embodiment, cif^t projectors 212 axe provided^ aldioug|h only one is 
illustrated in Figure 4 for clarity, and as will be q^parent to diose of skill m fhe art, more or lEeWer 
projectors 212 can be employed as desired. Ifmorepnyectxm 212 are employed, it may be desired to 
vertically stagger the projectors and to provide additional, vertically and horizonlalfy staggered 
qpeattures 3 1 2 ia flie edge 308 of didi 300 to allow die projectors to be lAysicaUy mounted within a 
reasoimbly small area. 

(0052] To create a final imi^e (eidier statio or real time) for die embodiment ofFignres 3 and4, die 
process described above^ widi reference to Figure 1, is en^loyed for die viewpoint of each projector 
2 1 2 to create the eight final images to be diq>layed. 

[0053 ) It is presently preferred that apertnre 3 1 2 be somewhat ell^cal (haviqg die ncugor axis of 
the ellipse parallel to die base o f disb 300) to ensure dmt die final image is prqj ected frmn a proj ectoir 
212 onto screen 204 dirough a reasonable portion of the rotation of screen 204. When die above- 
described HoloPro*"^ rear projection screens are employed as screen 204, screen 204 can display a 
reasonable image when it is rotated as much as twenty two and a half degrees off axis from the 
centerline of a projector 212, thus allowing screen 204 to rotate through as much as forty five degrees 
while displaying die final image. While eight projectors 2 12 can thus provide project images for a fuU 
three hundred and sixty degrees of viewing^ aperture 3 1 2 is preferably sized such diat it rotates £ix>m 
being in fix>nt of one projector 212 to being in front of anodier projector 212, there is a period vrfierdn 
the ouitput of both adjacent projectors 212 is blocked. In dus maimer, no confusing overlap of two 
images occurs on screen 204 while dish 300 rotates. 

[00541 The present invention is believed to i»rovide significant advantages over two dimensionfd 
displays for purposes such as advertising and marketing, museum displays, educational system, eta 
wfaerdn die extm attention diat a duee dimensional diqilay can attract will be most beneficial. By 
producing a final image wtdch has been tailored to exploit fl|ipropriato characteristics of the human 
visual perception system, a simple yet effective display is obtained. 



Gh oa44»Ma aoo»-ii-ia 

•12- 



10058] The abovo-described embodiments of tibe invention are intended to be examples of the 
present invention and alterations and modifications may be efEbcted thereto, by those of skill in the art» 
without departing 6xm the scope of the hxvendon whidi is defined solely by the claims q>pend^ 
hereto. 
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I claim: 

1. A mediod of omtiiig a final inmge whioh» when displ^ 
by vtewen as being tluM dimeosioDal, coi^ 

(0 selecting a taiget location for the diqplay at a display site; 

(ii) surveying the display site to identify and characterize light sources and objects which 
would result in visual highlig^ on a object di^layed at die tsiget location; 

(iii) capturing a wide angle photograph of the display site about die target location; 

(iv) c^)turing video of the object to be displayed under a reoieation of tiiercharBOterized light 
souices and objects surveyed at die taq^ location, the object movii^ 

extending diroiigh the eyes of e)q[>ected viewera; 

(v) q^lying die cultured wide angle photogRq[)h as a reflection map to the captured video of 
the rotadng object to create a final image; and 

(vi) displ^ing die final imag^ at die site onto a screen positioned such that die final image 
appears at the target location. 

2. The mediod of claim Iwherem in step (iii) a panoramic idiotog^ 

3. The method of claim 1 wherein in step (iv) a mocking stage is constructed to recreate the 
light sources and obj ects characterized in step (ii), the object is placed on said mo eking stage in 
fix)nt of a chromakey backdrop and the video of the object is captured in step and the 
background removed by a chromakey process in step (iv). 

4. The method of claim 1 wherein in step (iv) the characterized lights and objects fiom 5tq> (ii) 
are employed in computer animation system to light a model of die otgect to be disputed, step 
(iv) comprises rendering a video image of the object in said computer animaition system and 
step (v) comprises supplying the reflection mq^ durmg the rendering process. 

5. The method ofclaim 4 wiierein steps (iii) and (v) are perfonnediteratively to ui^^ 
reflections on the final imai^ as the- sunoundioig envhonment changes about the tEuget location. 

6. Ilie method ofclaimliKdierein the movement 

on die object along the plane of the expected viewers ^yes occura at a rate of about at least three 
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percent of die size of the object, measured Hmu^ that plane, per. second relative to the 
background.. 

7. The mefliod of claim 6 wherein the mte of movement is about at least five percent of the 
size of die object, measured dirough diat plane, per second relative to die background. 

8. The method of claim 7 wherein the movement is retadonal movement of die object about an 
axis not exceeding 40 degrees fiom an axis oidiogonal to the plane of die expected viewers 
eyes. 

9. The mediodofclaim 7 wfaerdn die movement is translation nQK>vement across die di^ 
along die plane of the expected viewers eyes. 

10. The mediod of claun 7 wherem die nravement is a combinadon of transladonal movement 
and rotational movement 

1 1 . The mediod of daim 7 wherdn die background is the background behind die smen. 

1 2. The mediod of claim 6 wherein die background is provided in the final image. 

13. The method of claim 12 wherein the background moves. 

14. A system for displaying on a two dimensional display at a target tocation a final image of at 
least one object, the final image being perceived by viewers as a dum dimensional image, 
comprising: 

a screen onto which the final image is displayed; 

a projector to display the final image onto die screen; and 

a video source providing a final image to the projector, the final image having visual 
highlights corresponding to the surroundmg environment at die target location and showing die * 
object moving such diat a point on die object aioag aplane of the eaqpected viewers eyes occurs 
at a rate of about at least duree percent of die size of die object measured dirough that plane, per 
second relative to die background. 
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1 5 . The system of claim 1 4 fluAer domprisiiig a wide angle camera to interautteody ospbm a 
wide angle iniage of the surroundings fiom the taig^ t location and the video souice employfa^ 
Hie captured image as a reflection map to modify the visual highUgiifai of the displayed final 
image. 

16. The system of claim 14 fyxttxtr comprising at least four projectors and wherein the screen 
rotates such that a diflbmni one of each projector diqpl^ya a dififo^ 

at dififerent times. 

17. A method of having the human visud perc^tion aiystrai perceive an obi^ervcd image of an 
object on a two dimensional display at a target location as a tiuee dimensional hnage» 
oonqprising the steps o£ 

(i) moving the object in the image such lhat a point on the object along a plane of the 
expected viewers eyes occurs at a rate of about at least tfuree percent of flie size of Hm object; 
nieasured througli dial plane, per second relative to flie bad^^ 

(ii) applyiiig visual highli^bits to the otgect in the image, the visual hisWghts mcludiog 
specular hi^ilight and shadows appropriate for the object at flie target location; and 

(iii) obtaining a wide angle image of the surroundings of the target location and iq^dying 
this wide angle unage as a reflection map to the final image of the object 
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